The above considerations, coupled to the fact that a significant proportion of both Cdc48p and p97 is associated with the ER membrane, prompted Ye et al.
this question by demonstrating that Cdc48p/p97 -one of the 'ATPases associated with various cellular activities' or 'AAA' ATPases -and its partners are required to transport proteins from the ER to the cytosol.
Previous studies have led to the conclusion that Cdc48p/p97 is able to participate in distinct cellular processes, such as membrane fusion and ubiquitindependent protein degradation, by interacting with different adaptors specific for a particular process. Yeast Cdc48p and its mammalian cell homologue p97 mediate certain homotypic organellar membrane fusion events. Cdc48p is required for the fusion of ER membranes [8] , and the gene encoding it was first identified in a cell-cycle mutant that arrests in mitosis with an undivided nucleus. p97 is involved in Golgi membrane fusion during cisternal reassembly from mitotic Golgi fragments [9] . Both proteins form a homohexameric ring structure. During the fusion of mitotic Golgi fragments, p47 links p97 to its substrate, the t-SNARE syntaxin 5 [10] , while a different complex of p97 bound to Ufd1p and Npl4p was postulated for p97 to function in ubiquitin-dependent processes [11] .
In eukaryotes, proteasome-mediated degradation is primarily achieved after the covalent conjugation of ubiquitin to the target protein. Both yeast and mammalian Cdc48p/p97 proteins have been shown to be required for the degradation of certain ubiquitincontaining substrates [12, 13] . Consistent with this role in protein degradation, Cdc48p has been shown to bind to the several proteins implicated in the ubiquitin fusion degradation (UFD) pathway [14] , such as Ufd3p [12] , while mammalian p97 binds both a ubiquitinated degradation substrate and the proteasome itself [15] . Recently, yeast Cdc48p, Ufd1p and Npl4p have been implicated in the proteasome-mediated processing of ER-bound proteins [16] . Furthermore, members of the AAA ATPase family are directly involved in the degradation of integral membrane proteins in both bacteria and mitochondria, where they actively extract transmembrane segments and transport solvent-exposed protein domains across a membrane [17, 18] .
The above considerations, coupled to the fact that a significant proportion of both Cdc48p and p97 is associated with the ER membrane, prompted Ye et al. A Cdc48p-Ufd1p-Npl4p complex is therefore likely to be involved in ERAD in both yeast and mammals. They may act by directly extracting proteins from the ER membrane in an ATP-dependent manner, analogous to the way that FtsH in Escherichia coli and AAA proteases in mitochondria appear to 'pull' proteins from the respective membranes for degradation [17, 18] , or by assisting the membrane translocation step itself (Figure 1) .
The mechanism by which the Cdc48p-Ufd1p-Npl4p complex mediates the dislocation of ubiquitinated ERAD substrates likely involves the proposed chaperone function of the complex, which appears to be specifically directed to ubiquinated substrates. Indeed, the yeast Cdc48p-Ufd1p-Npl4p complex has been recently shown to be required for the selective extraction of a ubiquitinated protein from a protein complex present on the cytosolic face of the ER [19] , in a process that has been proposed to rely on the ubiquitin-binding activity of Cdc48p/p97 [13, 19] . Further biochemical characterization of the Cdc48p-Ufd1p-Npl4p complex will be needed to determine whether the chaperone activity is actually required during the passage through the ER membrane, or to release the ubiquitinated protein from the ER cytosolic surface. Nor is the system likely to be confined to yeast and mammals: the Arabidopsis thaliana genome contains Cdc48p/p97 homologues, at least one of which can functionally complement a yeast CDC48 mutant [20] . 
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